Direct numerical simulations of noise generated by the flow over an airfoil with trailing edge serrations by Jones, L.E. & Sandberg, R.D.
Direct numerical simulations of noise generated by the
°ow over an airfoil with trailing edge serrations
Lloyd E. Jones¤and Richard D. Sandberg y
University of Southampton, Southampton SO17 1BJ, U.K.
An immersed boundary method is developed for use with direct numerical simulations
(DNS) employing high-order accuracy spatial schemes. Two DNS of the °ow around a
NACA-0012 airfoil are conducted, employing the immersed boundary method to represent
a °at-plate trailing-edge extension both with and without serrations. The aim is to inves-
tigate the e®ect of the trailing-edge serrations upon airfoil trailing-edge noise. The trailing
edge serrations are observed to reduce the spanwise correlation of low-frequency vortical
events that lead to tonal behaviour, as well as to reduce the amplitude of trailing-edge
noise over a ¯nite frequency band. Pressure spectra within the turbulent boundary layers
convecting over the trailing-edge appear similar, hence the trailing-edge noise reduction
appears to be caused by the e®ect of the serrations upon the di®raction process as opposed
to any modi¯cation of the hydrodynamic behaviour.
I. Introduction
When considering airfoil self-noise it is typical for studies to focus primarily upon trailing-edge noise.
Brooks et al.1 classi¯ed ¯ve mechanisms for airfoil self-noise, for which all but one (noise generated via the
wing-tip vortex) are generated by disturbance interaction with the airfoil trailing edge. Turbulent °uctuations
in the vicinity of a sharp edge of a solid body scatter more e±ciently at low Mach numbers than °uctuations
in free-space (M5 c.f. M8),2,3 hence trailing-edge noise is increasingly signi¯cant at low Mach numbers.
It is apparent then, that in order to reduce total aircraft noise further, airfoil trailing edge noise must be
considered. Howe4 performed a numerical analysis of a °at plate, with the trailing edge modi¯ed by the
presence of serrations possessing a sawtooth pro¯le. Howe predicted that the intensity of radiation at the
trailing edge could be reduced by such a modi¯cation, with the magnitude of the reduction depending on
the length and spanwise spacing of the teeth, and the frequency of the radiation. It was determined that the
dimensions of an individual serration should be at least the order of the turbulent boundary layer thickness,
and that longer, narrower teeth should yield a greater intensity reduction. Oerlemans et al.5 investigated
experimentally the e®ect of adding trailing edge serrations, as well as optimizing airfoil geometry, to full
size wind-turbine blades. It was found that for realistic airfoil geometries overall self-noise reductions of
2 ¡ 3dB are possible without adversely a®ecting aerodynamic performance. The reduction in self-noise
amplitude was found to be most signi¯cant at lower frequencies, and the e®ect became more pronounced
with increasing wind velocity. It appears that applying serrations to the airfoil trailing edge is a valid means
of reducing airfoil self-noise without compromising aerodynamic performance. The mechanism by which this
noise reduction occurs is not yet known. The addition of brushes to airfoil trailing edges has also been found
to reduce the intensity of trailing edge noise,6 although the mechanism for noise reduction in that case is
likely due to the increased compliancy of the brushes weakening the di®raction e®ect at the airfoil trailing
edge. Geometrical modi¯cations similar to trailing-edge serrations, termed `chevrons', have been applied to
jet nozzles and found to reduce the associated jet noise.7 However, although jet nozzle chevrons may appear
visually similar to trailing edge serrations, the mechanism by which noise is reduced is likely to be quite
di®erent. Jet noise originates primarily from free-space °uctuations downstream of the nozzle exit, hence
nozzle chevrons reduce noise by modifying the structure of the turbulent jet. Conversely, trailing edge noise
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